A newborn foal developed generalized cutaneous mastocytosis characterized by multiple elevated nodules of mast cells in skin and basophil hyperplasia in bone marrow. Skin lesions began as small aggregates of mast cells that progressively enlarged, ulcerated, and regressed spontaneously. Eosinophil infiltration, collagen necrosis, and fibroplasia were characteristic of advanced lesions. Many new lesions developed during the first month of life but numbers progressively diminished.
by multiple elevated nodules of mast cells in skin and basophil hyperplasia in bone marrow. Skin lesions began as small aggregates of mast cells that progressively enlarged, ulcerated, and regressed spontaneously. Eosinophil infiltration, collagen necrosis, and fibroplasia were characteristic of advanced lesions. Many new lesions developed during the first month of life but numbers progressively diminished. Large numbers of mast cells were present in biopsies of lymph node, spleen and bone marrow. Discrete aggregates of mast cells were present in the bone marrow postmortem but no other significant change was seen. Mast cells contained large amounts of histamine but little serotonin. Ultrastructurally, their cytoplasmic granules were chiefly granular with few dense forms. In cell culture, mast cells from early lesions maintained mitotic activity through 14 passages. Cells obtained from older lesions were rapidly overgrown with fibroblasts. An equine herpesvirus isolated from cultures of cutaneous mast cell lesions and of spleen was not thought to be related to the disease.
Cutaneous mast cell lesions of the horse have been reported as single, focal masses of unknown origin [l, 211 . Although the lesions resembled mast cell neoplasms of other species, they appeared to be inflammatory and were not known to progress to obvious tumors. The term equine cutaneous mastocytosis was applied [I] .
Pathologic and microbiologic studies on a horse that developed disseminated, multiple, focal mast cell lesions in the skin shortly after birth are reported. Because the lesions regressed spontaneously, the disease was called equine cutaneous mastocytosis.
Materials and Methods
A brown, male, standard-bred foal had been affected with cutaneous nodules since birth. He was removed from his dam at 14 days of age and placed in a concrete-lined isolation room with controlled air flow, humidity, temperature, and light. He was started on a liquid horse diet (Foalaca) for 5 days and gradually transferred to pelleted feed and alfalfa hay. The room was washed daily (bedding was not used). Blood was collected at weekly intervals for hematologic, serologic, and electrophoretic studies. Hematocrit values and total and differential white blood cell counts reported elsewhere [19] were within normal ranges at all times. Bone marrow smears made monthly had greater numbers of basophils [19] than are present in normal equine bone marrow smears. Immunologic reactivity of the horse was normal [19] .
Lesions of various sizes were removed under 2.5% procaine anesthesia by sterile procedures during the third week of life. Tissues were used for culture of fungi, bacteria, and viruses and for preparation of cell cultures. Skin lesions were minced in phosphate-buffered saline (PBS) containing 0.5% trypsin, centrifuged, resuspended in Hanks' medium with 10% fetal calf serum, and incubated at 37 " C in plastic bottles. Some were minced in Eagle's minimal essential medium with 20% fetal calf serum. Portions were placed in 10% formalin, Bouin's solution, 2.5% glutaraldehyde in cacodylate buffer, and methyl cellulose. The vials of methyl cellulose were quickly quenched in dry ice-ethanol and stored at -65 O C. Fixed tissues were processed for paraffin embedment and stained by hematoxylin-eosin (HE), Giemsa, and alcian blue-periodic acid-Schiff (AB-PAS). Tissues fixed in glutaraldehyde (4 h) were washed overnight in buffer, stained with OsO, (1.5 h), rinsed in buffer, dehydrated in a graded series of ethanol and embedded in epoxy resin (Epon 812).
At 8 and 14 weeks of age, the horse was anesthetized systemically with halothane, and spleen, thymus, lymph node (posterior cervical), and skin were biopsied. The horse was killed at 1 year and 22 days of age with succinylcholine given intravenously. Tissues were processed as above for microscopic and virologic studies.
Skin reactivity to intradermal injection of epinephrine, dexamethasone, histamine, and saline was examined. No reaction indicating chemotaxis of basophil leukocytes occurred. When the horse was 6 weeks old, three sites each were inoculated with cell culture medium (control), stock culture of equine herpesvirus 2 (previously isolated from a mast cell lesion), and dilutions of herpesvirus of 10-1 and Infected sites contained inflammatory and lymphoid cells when examined histologically 48 h later. No mast cell lesion developed.
Portions of small mast cell lesions were homogenized in cold (4 "C) 5% trichloracetic acid and stored at -65 " C for determination of histamine and serotonin content [ l l , 231.' The chromosome distribution of mast cells [4] was determined by growth of trypsinized cells in culture.* Mast cell suspensions in Hanks' solution were prepared by mincing skin of lesions in trypsin. They were inoculated into three foals: foal 1, 5.2 million cells, intrathymically at day 5 of age; foal 2, 1.2 million cells, intramuscularly in urero 14 days before parturition; foal 3, 2.1 million cells subcutaneously, 6 h after parturition. The dams were all of the Shetland breed with unknown histories. The foals were bled three times the week after inoculation and examined daily to 6 months of age.
' By L. VAN ORDEN, University of Iowa, Iowa City, Iowa.
By E. PIRTLE, National Animal Disease Laboratory, Ames, Iowa.
Results

Pathological Findings
Focal cutaneous mast cell lesions ( fig. 1 ) grew progressively from small nodules to large ulcerated lesions. For convenience of description, they were artificially divided into small (< 1 cm, implying early development), intermediate (1 to 3 cm), large (> 3 cm), and healing stages. This sequence required approximately 30 days during the first months of the disease. Later, however, lesions became necrotic and regressed more quickly.
Homogenates of skin lesions contained 167 pg of histamine per gram of tissue. Serotonin was 0.8 pg/g of tissue. Heparin was not evaluated biochemically. Intense staining of mast cell granules for acidic mucopolysaccharides was used as presumptive evidence of heparin content.
Small lesions, which were slightly elevated and white on section, were composed of small aggregates of mast cells disseminated through the collagen fibers of a circumscribed area of the subcutis. Eosinophils were rare, and necrosis of collagen was not seen. Intermediate lesions, also white on section, differed in containing large dense masses of mast cells distributed throughout the subcutis. In the center of the lesion, eosinophils and debris ( fig. 2 ) had coalesced into large masses, many of which had necrotic centers ( fig. 3) . Mast cells and eosinophils surrounded the mast cell aggregates and were present difusely through the dermis.
Large lesions contained central foci of epidermal ulceration. From the cut surface, which was white with multiple small brown areas, small, hard, tan irregularly shaped granules could be expressed. In the largest lesions these granules were multiple and encapsulated. Histologically, these proved to be dense areas of necrotic collagen and mast cells ( fig. 4) . Deposits of mineral were present in larger lesions. Special stains did not reveal bacteria, fungi, or parasites. Vascular lesions consisted of enlargement of endothelial cells and fibrinoid degeneration of the medial myocytes. They were not seen in small lesions and were never prominent in the large ones.
Mast cells were uniform in size and structure. They had a low ratio of nucleus to cytoplasm. The large cytoplasmic areas were filled with granules, most of which were 100 to 500 nm in diameter ( fig. 5 ). Granules were difficult to see in HE-stained sections but were strongly stained by Giemsa and alcian blue. The mast cell granules varied from dense to lightly granular but most had mixed density. Mitochondria, four to 12 per cell cross-section, were distorted and had few cristae. The size of the Golgi complex varied greatly; it was large (associated with agranular juxtanuclear cytoplasmic matrix) in about 10 % of cells examined. Cytoplasmic matrix material was composed of small dense granules and microfibrils. Nuclei contained defined nucleoli and peripheral chromatin and had nuclear membranes that were moderately irregular. Mast cell cytoplasmic membranes were markedly undulate and were interdigitated with adjacent mast cells, eosinophils, fibroblasts and collagen. This undulation was best seen in cells isolated from tissue by trypsinization ( fig. 6 ) in preparation for cell culture. Metaphase spreads of cell cultures revealed the chromosome distribution (2N = 64) as subdiploid (6 Yo), diploid (80%), and tetraploid (14%).
Eosinophils with characteristic large dense cytoplasmic granules ( fig. 7) were present throughout all tissue examined. Many were in some stage of degeneration. They contained varied numbers of membrane-bound vacuoles (some with single or multiple eosinophil granules), which we interpreted as phagosomes. Mast cell granules were found in these vacuoles and were the basis of our interpretation of phagocytosis. Many of these cells were large, had large polymorphic nuclei and contained immense residual bodies filled with dense myelin figures and debris.
Fibroblasts and collagen were distributed throughout the tissues. In large lesions, necrosis rendered many ultrathin sections uninterpretable. Fibroblasts in small and intermediate lesions did not appear abnormal; in large lesions, they were rarely seen (or were interpreted as other cell types). Eosinophils with phagosomes were always seen adjacent to necrotic collagen.
Vascular changes were present but were not prominent. In lesions with extensive necrosis of collagen there were generally several fields with fibrinoid degeneration of the media of small muscular arteries. In vessels of all sizes, endothelial cells were enlarged ( fig. 8 ) and had greater numbers of ribosomes and dense membrane-bound granules than are present in normal endothelium. 
Microbiological Studies
Bacteria or fungi were not cultured from lesions covered with intact skin. Specific techniques for recovery of Derrnatophilus congolensis and staphylococci failed to culture these organisms. Lesions that developed ulcers were invariably infected with various bacteria that could also be cultured from adjacent unaffected skin. The dense necrotic centers of the nodules were cultured and were also bacteriologically sterile (when covered by intact skin).
An equine herpesvirus, identified serologically as equine herpesvirus type 2, was isolated both from cultures of mast cells from the lesions and from cultures of spleen cells prepared from portions of the spleen biopsy. The virions were recovered at the third passage of the mast cells and the first passage of the spleen cells. Cell sheets were destroyed coincident with the development of large basophilic intranuclear inclusion bodies. Electron microscopy of these cells showed masses of herpes virions throughout infected cells. Immature forms were confined to the nucleus, and mature virions were present at the nuclear membrane, in the cytoplasm, and extracellularly ( fig. 9 ).
Necropsy
The postmortem examination showed several residual necrotic mast cell aggregates in the skin but no other significant gross change. Histologically, skin lesions were composed of foci of necrotic debris, dense bands of collagen, and islands of stellate-shaped mast cells. The mast cells had elongated nuclei and fewer granules but stained intensely with the Giemsa stain. These changes in shape and granularity were typical of these cells maintained in culture for several weeks. The epithelium over the skin lesions was intact and did not contain migrant mast cells.
In the bone marrow, mast cell aggregates were present in the acellular fatty areas of the metaphyses ( fig. 10 ). They were not seen in the cellular zones, which were limited to the epiphyseal regions. Stages were seen from small aggregates consisting solely of mast cells to large foci that had been heavily infiltrated with eosinophils ( fig. 11) . In contrast to the skin lesions that had pleomorphic, stellate cells ( fig. 12) , the cells in the bone marrow foci were rounded or polyhedral.
No other significant lesion was seen. The spleen had large periarterial lymphoid cuffs and large numbers of eosinophils in the red pulp. The peripheral lymph nodes had large germinal centers. The thymus was not detected in tissues sampled from the thoracic inlet and mediastinum. The cell was fixed from a degenerating monolayer that grew from trypsinized cells obtained from a skin lesion. Fig. 10 . Mast cell aggregates in the bone marrow. HE. Fig. 11 . A bone marrow mast cell aggregate surrounded by and infiltrated with eosino- Fig. 12 . Pleomorphic, stellate mast cells in a chronic skin lesion.
phils. HE.
Discussion
The term 'equine cutaneous mastocytosis' is used. We do not believe this disease represents a neoplastic process, and 'mastocytoma' is therefore not appropriate. We accept the definition of neoplasm as 'an abnormal mass of tissue, the growth of which exceeds and is uncoordinated with that of normal tissues, and persists in the same excessive manner after cessation of the stimuli which evoked the change' [26] . The lesions do not fulfil the last two points of this definition. Furthermore, they do not resemble other cutaneous blood cell neoplasms in the horse [12] .
If the distinction between basophils and mast cells is valid, this disease should more properly be called equine cutaneous basophilism. In contrast to tissue mast cells [9] , basophils have larger, unilobed nuclei with less dense peripheral clumping of chromatin, more numerous but smaller granules, and a more complex cell surface with many dendritic processes [6] . Using these criteria, basophils are the cell type in the cutaneous lesions. Basophils also allegedly differ from tissue mast cells in the lack of serotonin and some hydrolytic enzymes [24] . Accordingly, these lesions contained low levels of serotonin per gram in contrast to the enormous quantities of histamine. Basophils originate from bone marrow [IS, 24, 251 , and it appears that cutaneous mastocytosis is characterized by excessive basophil production at marrow sites. We have retained the name generalized equine cutaneous mastocytosis, however, for the following reasons. The term is established in the literature ; in pathological terms mastocytosis is less vague than 'basophilism'; and we suspect that basophils that enter tissue spaces change their conformation to resemble the structure of mast cells and therefore that the differences described for basophils and mast cells are somewhat artificial. Certainly in old lesions in this study the cells were more elongate, had longer nuclei, and their granules were less dense.
An etiologic agent was not identified. Metazoan parasites, protozoa, fungi and bacteria were not seen histologically. They could not be cultured from nonulcerating lesions despite advanced necrosis. We interpret the herpes virus as a contaminant, since it did not produce lesions on reinfection and has been isolated repeatedly from clinically healthy horses [14] . Herpesviruses have been seen associated with malignant lymphoma in the horse [ 171, but the etiologic relationship is not established. Viable onchocercal microfilaria have been reported [I] in three of 14 single lesions of cutaneous mastocytosis. The causal role was not determined, however, and since they were not seen in our studies, we do not believe they are related to this condition.
The reason for eosinophil localization in mast cell lesions was not established. Eosinophils are known to infiltrate collections of mast cells [16] and to be attracted by antigen-antibody complexes [20] . Histamine [2] is chemotactic for eosinophils, and by analogy we infer that this explanation is rational in this case. It appeared that eosinophils degranulated [3] in the lesions associated with necrosis of collagen fibers. The accumulation of granules in necrotic collagen occurs in other mammalian mast cell lesions Cutaneous mast cell lesions in mammals are established as neoplastic [lo] , inflammatory [5] , and immunologic [7] in origin. We originally believed this condition to be neoplastic. The canine mastocytoma is transmissible [ 151, and this fact prompted our transmission efforts, none of which succeeded. We do not believe this lesion develops from acute inflammation. The requisite changes in endothelium and neutrophils were not present in early lesions. Mastocytemia, which does occur in horses [22] and can be produced experimentally [27] , did not occur in this case. Cutaneous basophilic hypersensitivity is a poorly characterized component of some delayed hypersensitivity reactions and is believed to represent Jones-Mote reactivity [7] . None of the antigens utilized in this study produced a cutaneous mast cell response, and basophilic hypersensitivity does not appear to be mechanistic.
Equine cutaneous mastocytosis does resemble urticaria pigmentosa of man, the cause of which is equally obscure. Urticaria pigmentosa affects infants in the first year of life. Lesions are multiple, nodular, and consist of aggregates of mast cells in the skin. General health is not affected but the disease pursues a chronic course and disappears entirely within a few years. In the only known autopsy, there were increased mast cells in the spleen, bone marrow, thymus, and other viscera [8] . The equine disease thus seems analogous to urticaria pigmentosa and is, we believe, a systemic disease whose recognizable clinical manifestation is cutaneous.
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